towards the end. Aglaophamus trissophyllus, Eupolymnia sp. and Barrukia cristata were the species with the highest biomass. Polychaete taxocoenosis structure remained similar in both periods. In the early summer, mean densities, biomass and number of species were lower at 30 meters and higher at 60, whereas in the late, these differences were higher among transects. Ice impacts, mainly anchor-ice, in the early summer, as well as icebergs later on, most likely caused the differences encountered.
INTRODUCTION
The Antarctic benthos is characterized by pronounced endemism and a marked dependence on physical conditions, such as sediment patterns, waves and ice effects [1] . Distribution of the benthic community in shallow waters (up to 100 m) could be influenced by depth [2] . According to Sahade et al. [3] , benthic density is the highest at 25 meters. From here down to 50 meter depth, there is a decrease [4] . Below this, the community is free from the impacts of icebergs and storms, thereby reaching an advanced stage in development. Besides depth, distribution is also influenced by habitat heterogeneity, bottom topography and hydrodynamics, among other factors [2] . Low and stable water temperatures, low fluctuations in salinity during the summer, reduced terrigenous sediment input and the seasonality of food resources, could also exert an influence on both the structure and distribution of the Antarctic fauna [1] . Nevertheless, according to Barnes & Conlan [5] , ice remains as one of the foremost agents of disturbance in shallow water benthos.
The benthic fauna of the Southern Ocean is well known, the polychaetes being one of the most representative groups in soft-sediment habitats [6] [7] [8] . The group can account for over 50% of the macrofauna in several Antarctic areas, such as Chile Bay, Greenwich Island [9] , Port Foster, Deception Island [10] , Arthur Harbour, Anvers Island [11] , McMurdo Sound [12] and Admiralty Bay, King George Island [6] . Polychaete composition and distribution in Admiralty Bay was already studied by several authors [6, [13] [14] [15] [16] [17] [18] [19] and can be summarized in the following zonation patterns: the dominance of Leitoscoloplos kerguelensis, Ophryotrocha notialis and Microspio cf. moorei on shallow bottoms (down to 12 m) and higher densities of Aphelochaeta cincinnata, Apistobranchus glacierae, Rhodine antarctica and Levinsenia gracilis further down. According to Conlan et al. [20] , certain polychaetes, such as Ophryotrocha notialis, Capitella perarmata, Aphelochaeta sp. and Leitoscoloplos kerguelensis, are dominant in areas under the impact of sea-waste disposal, besides being capable of coloniz-Openly accessible at ing ice-disturbed areas [21, 22] .
The aim of this survey was to investigate polychaete spatial distribution in the nearshore soft-sediments at three depths in Admiralty Bay, during the early and late austral summer.
STUDY AREA
Admiralty Bay, the largest bay in King George Island, is approximately 122 km², with depths exceeding 500 meters [23] . The fjord-like shaped bay has three inlets, Mackellar and Martel located in the northern portion, and Ezcurra located in the western [17] . The bay receives water from the Bransfield Strait through a 500-meters-deep channel. Coarse sediments mixed with fine mud occur down to a depth of 50 meters, the rest consisting mainly of fine mud [24] . The sediment in front of the Brazilian Antarctic station contained high concentrations of trace metals (B, Mo, Pb, V, Zn, Ni, Cu, Mg and Mn), organic matter and oil contaminants. However, despite the evidence of contamination, the low bioavailability of these pollutants is an indication of low environmental risk [25] . Variation in temperature and salinity is slight, ranging from −0.4°C to 0.9°C and 33.8 to 33.4, respectively, at the bottom [24] . The phytoplankton from Admiralty Bay is dominated by diatoms, under the influence of benthic species from sediment resuspension or ice defrosting [26] . m²). In the early summer (November and December, 2003) three replicates were collected, whereas four were in the late season (February and March, 2004) . Samples were sieved through a 0.5 mm mesh. Specimens were fixed in 4% formaldehyde and preserved in 70% alcohol. The polychaetes were identified at the species level. Unidentifiable individuals were included in the analysis as morphotypes. Biomass was estimated by the measurement of wet-weight (± 0.01 mg). Dry-sieve and pipette methodologies were used for grain-size analysis, as described by Suguio [27] . Calcium carbonate content was determined by dry-weight difference after HCl 10% attack, and that of total carbon and nitrogen by using an Elemental Analyser CHNS/O Perkin Elmer (2400 Series II), with a detection limit of 0.02% for C and 0.03% for N [28] . Species densities (ind. 0.1 m² ± standard-error) were used to calculate species dominance, according to the formula: Do = (Na/N) * 100 where Do = dominance of species A, Na = density of species A and N = sum of all species densities.
MATERIAL AND METHODS

Seven
Species occurrence frequencies were calculated by using the following formula: Fa = (Pa/P) * 100 where Fa = frequency of species A, Pa = number of samples in which species A occurred, and P = total of samples.
Species with higher than 50% occurrence were considered constant, those between 50% and 10%, common, and those with less than 10%, rare. Density data were transformed (square root), and Two-way ANOVA employed to check differences between early and late summer surveys. Cluster analysis was with the UPGMA algorithm using a Bray Curtis similarity index calculated by densities. Diagrams of ordination were produced through non-metric Multi-Dimensional Scaling (nMDS) analysis. The significance of differences among depths during early and late summer was tested by One-Way Analysis of Variance by Similarities-ANOSIM [29] .
Canonical Correspondence Analysis (CCA) was applied with a matrix of 10 abiotic variables (gravel, coarse sand, medium sand, fine sand, silt, clay, carbonate, total carbon, organic carbon and total nitrogen), together with the most frequent species in each of the summer periods. The transect AR 60 m was not considered, due to the lack of grain-size data. Statistical analysis was undertaken with the Statistica 6.0 program, multivariate analysis with the Primer 6, program, and CCA by using the Biplot 1.1 add-in routine for Excel [30] .
than 60%) at most transects and depths, although the percentages of fine sand were higher (ca. 30%) in some stations like HE and AR. At 60 meters, slightly lower percentages of both gravel and coarse sand were observed, when compared to shallower transects. Calcium carbonate content was slightly higher in the late summer (more than 12%), whereas in the early season, this was lower at 20 and 30 meters, with the lowest (6.5%) at MP. Carbon and nitrogen content were very low (< 1%). CFA, CFB and CFC presented the highest percentages of carbon content (0.54 to 0.75%), and MP the lowest (0.28 to 0.46%). There was no apparent variation of either variable with the increase in depth.
Polychaete Composition
A total of 8,668 individuals were collected throughout the period. The set of samples yielded 67 species and four morphotypes (Cirratulidae gen. sp.1, Cirratulidae gen. sp.2, Maldanidae gen. sp. and Terebellidae gen. sp.), belonging to 23 families ( Table 1) . 21 species were collected in each sampling survey. The most speciose families were Terebellidae and Syllidae with seven species each, and Maldanidae with six. The families Glyceridae and Sabellidae were exclusive to the early summer, whereas Nereididae and Serpulidae were to the late summer. The families Nereididae, Serpulidae and Glyceridae were each represented by only one species, viz., Nicon ehlersi, Helicosiphon biscoensis and Glycera capitata, respectively. The sabellids were represented by three species: Euchone pallida, Perkinsiana litorallis and Perkinsiana milae, all somewhat scarce during the summer.
Dominance and Frequency
In terms of density, the species Aphelochaeta cincinnata, Levinsenia gracilis, Cirratulidae gen. sp. 1, Apistobranchus glacierae and Rhodine antarctica dominated, throughout the whole period studied. The exceptions were Cirratulidae gen. sp. 1 and A. glacierae, dominant only at the beginning. Throughout, Aphelochaeta cincinnata was the most frequent species, with 93.55% in the early summer and 85.71% in the late. The species Levinsenia gracilis and Rhodine antarctica were also constant during the whole study period, with 69.35% and 56.45%, respectively, in the first part, and both 65,48% towards the end. These three species were responsible for 33.7% of total polychaetes in the early summer and 34.7% in the late. Aricidea (Acmira) strelzovi, Leitoscloplos geminus, Brada villosa, Apistobranchus glacierae, Barrukia cristata and Cirrophorus brevicirratus were considered common throughout. Scalibregma inflatum, besides being a low-frequency species during the whole period (8.06% in the early part and 5.95% in the late), occurred only at 60 meters ( Table 1) .
Density and Biomass
Polychaete density ranged from 45.24 to 388.10 ind.0.1 m -2 in the early summer. Apistobranchus glacierae, with the highest score all told, was also responsible for the high result observed at CFC (20 m . The highest densities, attributed to R. antarctica, were observed at the MP transect at 20 and 30 meters (Figure 3) .
During sampling, a significant variation in density among depths was observed (ANOVA, p < 0.002) (Table 2), with lower densities at 30 meters when compared to both 20 and 60 (Tukey test, p < 0.005), although no differences among transects were detected (p = 0.599). Nevertheless, this pattern seems to be rather complex, since the interaction between transect and depth was significant (p < 0.02). This interaction occurred at transects CFA and CFC, with no clear bathymetric pattern. On the contrary, in late summer, significant differences were found only among transects (p < 0.002), but not depths ( Table 2) , with MP and AR presenting higher densities than CFA and CFC (Tukey test, p < 0.05). These differences occurred due to the high densities of cirratulids (Aphelochaeta cincinnata and Cirratulidae gen. sp.1), paraonids (Levinsenia gracilis, Aricidea (Acmira) strelzovi and Cirrophorus brevicirratus) and the maldanid Rhodine antarctica, at MP and AR. On the other hand, biomass encountered at both CFA and CFC was low. Surprisingly, polychaete density at CFB was similar to that observed at MP and AR.
In the early summer, biomass means (± standard-error) ranged from 5.27 ± 4. 
Multivariate Analysis
In the early summer, the samples were grouped through cluster analysis, according to depth. The results indicated that in the first group, composed of transects MP, BP, AR at 20 meters, and MP and AR at 30 meters, the (Figure 6 ). The results from cluster analysis were confirmed through nMDS. In the late summer, no clear pattern of clustering, in relation to either transects or depths, was apparent. When using ANOSIM, no differences were detected in the polychaete community between the periods sampled (R global = 0.031; p = 20.5%), although the contrary was the case as regards depths. In the early summer, communities at 60 meters differed from those found at 20 and 30 meters, whereas in the late season, the only difference was between 20 and 60 meters ( Table 3) .
Results through Canonical Correlation Analysis (CCA) were rather similar, in both early and late summer. The first axis was responsible for 45.9% of the variance in early summer and 42.8% in late and was positively related to gravel, coarse and fine sand and negatively so to silt, clay, carbonate, carbon and nitrogen contents. The sediment in all transects at 20 meters was coarser, whereas that at 60 meters was characterized by the dominance of silt and clay fractions, and that at 30 meters an intermediate pattern between the former two. The second axis accounted for 25.5% and 20.8% of the variance in early and late summer, respectively (Figures 7  and 8) . In both summer periods, most species appeared to be associated with gravel, and coarse and fine sand. The maldanids Maldane sarsi antarctica and Asychis amphiglypta were related to stations at 60 meters. The species L. geminus, L. kerguelensis, A. glacirae and C. brevicirratus and Cirratulidae gen sp.1 were positively related with gravel, and coarse and fine sand.
DISCUSSION
The number of polychaete species found in the present study was higher than that presented by Sicinski & Ja- [34] , the Weddell Sea continental shelf and slope, and the Antarctic Peninsula [35] . The relatively low richness found in the present study might be related to differences in sampling effort, seeing that in the aforementioned studies, different sampling techniques were used. The dominance of Aphelochaeta cincinnata is in accordance with the results obtained by Sicinski [6] , Gambi et al. [33] and Bromberg [17] . The high density of Rhodine antarctica Figure 7 . Graphic representation of the two axis of canonical correspondence analysis for early summer. For species codes see Table 1 .
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at the MP transect could be related to its life cycle. According to Dayton & Oliver [12] , in McMurdo Sound, the individuals of the family Maldanidae may have evolved asexual reproduction in response to high predation and juvenile mortality. The dominance of maldanids was also reported by Gallardo et al. [9] , who found a benthic community dominated by Maldane sarsi antarctica (Maldane assembly) in Chile Bay. Jazdzewski et al. [24] and Sicinski [6, 13] also observed typical maldanid communities at depths over 100 meters. The highest mean density observed in the early summer was similar to that reported by Sicinski [14] . On the other hand, mean density itself, although in accordance to that observed by Sicinski & Janowska [16] , was lower than that reported by other authors [17, [33] [34] [35] . These differences may reflect variations in sampling design, depth and seasonality. The mean values of biomass were similar to those observed in Admiralty Bay by Sicinski & Janowska [16] , and were within the range reported by Gambi et al. [33] . According to Sicinski [13] , polychaete biomass at 50 m may vary from 30 to 40 g.m -2 and might be responsible for 15% of the local zoobenthic biomass itself. The species responsible for the increase in biomass values, Aglaophamus ornatus and Eupolymnia sp. occurred mainly at 20 and 30 meters, respectively. This may be related to the deposition of organic matter from phytoplankton bloom, which occurs in the early summer [36] .
Polychaete taxocoenosis structure remained the same throughout the period under study, possibly as a result of the prevailing sedimentary conditions (grain-size percentages) remaining invariable between transects. Nevertheless, certain differences were observed during the early and late summer, separately. During the early summer, polychaete mean density, biomass and richness declined at the 30 meters level and increased at the 60. An increase in density related to depth had been previously reported in the Martel inlet [16] . The results in early summer may be an outcome of ice impact. According to Sahade et al. [3] , ice impacts (icebergs and anchor-ice) seem to be the major regulating factor of benthic assemblages in shallow waters. Although actually not observed in this study, but based mainly on underwater observations, anchor-ice impacts have been imputed as promoting winter structuring in benthic communities. The displacement of established fauna in their area of influence may be attributed to these phenomena, thereby accounting for the low diversity in early summer [37] . According to Dayton et al. [38] , the influence of anchor-ice impacts extends down to 33 meters, thus constituting the main cause of low diversity in shallow waters. Anchor-ice usually occurs during the winter, but its influence might have extended throughout the early summer of 2003/04, with consequential superficial sediment defaunation, thus making it difficult for the community to recover within a few months. The increase in temperature in the late summer promotes the formation of icebergs. Echeverría & Paiva [39] reported the presence of one in the summer of 2001 at the CFB 25 meter station, where it remained for over 20 days. Iceberg impacts are likely to affect benthic communities down to 20 meters. Below this, conditions are more stable, with higher densities, biomass and richness, the area below 30 meters thus presenting a substantial change in benthic megafauna structure, composition and diversity [37] . In both summer periods, most of the species which appear to be related to coarser sediment fractions are motile or discretely motile polychaetes. On the other hand, the maldanids (sessile polychaetes) related to higher percentages of silt and clay, appear mostly at 60 meters. Further analysis of polychaete feeding guilds is necessary to better evaluate their distribution in Admiralty Bay.
The possible environmental impacts related to activities of the Brazilian research station (Cmte. Ferraz) were not revealed in this survey, since variability among those transects under the influence of the station itself (CFA, CFB and CFC) was higher than among all the others. Furthermore, the slight variation between early and late summer seems to be more related to natural impacts than to the more intense activities at the research station itself.
